Abstract. This paper describes the effect of missing sounding reports on temperature and pressure mean values for mandatory levels using the aerological information from the Camagüey Meteorological Centre. Also it is described the effect of missing data on mean temperature and pressure values at the multiple tropopause levels. The case study belongs to one station for a time lag of eight years. Up to the present these types of studies have been conducted using simulated datasets. The present one uses a real inhomogeneous radiosonde dataset. The main reason for missing reports were transmission problems and possible encoding-decoding difficulties. It has been found that profiles of the mean temperature and altitude show little differences between the complete and incomplete datasets. Moreover, no statistical significant differences were found for the mean values of the variables for the complete and incomplete datasets. The most probable reason for those results is that the cause of the missing reports has a random behaviour. Finally we have found that the only two effects noticed on the statistics were slightly higher values of the mean temperatures in the complete dataset and the decrease in the percent of multiple tropopause reports for the incomplete dataset.
Introduction
It is very common in atmospheric sciences to carry out research using incomplete datasets. In such cases scientists are in a crossroad. They can make assumptions about how much the incomplete dataset is representative of the inexistent complete dataset or abandon the study. Fortunately, most scientists assume the risks and conduct the research. The raCorrespondence to: L. Gimeno (l.gimeno@uvigo.es) diosonde datasets are one example of the situation described above.
Radiosonde observations are one of the main atmospheric components of the Global Climate Observation System (GCOS), together with the surface network of meteorological stations and the meteorological satellites. But the global coverage of radiosonde stations is not homogeneous over the globe, with fewer stations in the tropics and the Southern hemisphere. An additional difficulty is related to the incompleteness of radiosonde data series. In particular poor coding of data and missing data are attributed by the GCOS monitoring centre to telecommunications failure (WMO, 2005) .
The present case study makes use of the fact that not all the radiosonde measurements conducted at the WMO station 78 355 between 1981 and 1988 are available in the most recent developed global radiosonde database. This situation creates a real, not simulated, temporarily inhomogeneous radiosonde dataset, produced by missing data. It is recognized that one of the several causes of the temporal inhomogeneity of radiosonde data is the missing observations. Several studies have been conducted in the past using simulated series or soundings on missing data and its impact in measures of central tendency, variability, and trends (Kidson and Trenberth, 1988; Gaffen et al., 2000; Seidel and Free, 2006) . Although the station 78 355 is not part of the GCOS Upper Air Network (GUAN), it is representative of the tropics and in particular of the Caribbean. Only four stations from this region are compiled in GUAN. This station is also the one holding longest records in Cuba, excluding Guantanamo Bay, operated by the U.S.
The recent development and availability of the Integrated Global Radiosonde Archive (IGRA) dataset is an important contribution for the atmospheric sciences community. This new archive compiles most of the soundings reports available in several former datasets. It is the most comprehensive quality assured and largest radiosonde dataset (Durre et al., 2006) .
One of the authors of this paper worked extensively with the aerological information collected at Camagüey Meteorological Centre (CMC), Cuba (WMO station number 78 355) for the period 1981 to 1988. Upon checking the availability of sounding reports for the station 78 355 in IGRA we realized that at least for the cited period, there is a lack of around 40% of the soundings in the current IGRA dataset. This situation prompted the present case study, having into account that here we deal with the two worse assumptions of missing data as previously found by Kidson and Trenberth (1988) , random sampling and missing blocks of data. Our main aim was to evaluate the impact of missing data on mean values of altitude and temperature at mandatory levels for a particular station for an eight years period. We also evaluated the impact of missing data on mean pressure and temperature at the multiple tropopause levels.
Description of former studies
In the late eighties a lidar station for stratospheric aerosols studies was installed at CMC (21.4 • N, 77.9 • W), because of the scientific cooperation between Cuba and the former Soviet Union. The establishment of this facility required the determination of the local mean sounding as well as the mean tropopause features for the processing and analysis of its measurements. Such studies were conducted using aerological information collected by the radio-sounding station located at CMC (Antuña et al., 1991 1 ; Antuña et al., 1992 2 ). This station has been part of the international exchange of meteorological information reporting to the regional centre in WMO Region IV.
The former two studies used the original 1563 handwritten sounding reports at 1200Z, from 1981 to 1988, archived at the CMC. During that period a Russian made Meteorit 2 tracking system operated at CMC, using RKZ-5 and MARS-2-2 radiosondes (Gaffen, 1993) . Processing was conducted semi-manually with the help of specifically designed calculation rules (CAO, 1973) .
In the first study (Antuña et al., 1991 1 ), the original sounding reports were digitized to derive the mean temperature and altitude values at mandatory levels. Then, all the values of each variable were tested for plausibility, using realistic limits. Values out of such limits were discarded after verification in the written reports for human errors. In a next step a preliminary statistics was calculated. Another quality control was conducted using the mean and standard deviation (σ ) for each variable at the mandatory levels. Values out of the limits defined by the variable mean ±2σ were also verified to avoid human errors. Finally the mean and σ for both variables at every mandatory level were calculated. The study provided a statistical model of the vertical distribution of atmospheric variables at Camagüey, improving the lidar processing and analysis.
In the second study (Antuña et al., 1992 2 ) the original sounding reports were reviewed to extract pressure and temperature at each one of the multiple tropopause levels reported. The mean values of both variables at the multiple tropopause levels were quality controlled using a similar procedure than the one described above. In the final step the mean and σ for both variables at every multiple tropopause level were calculated. The results showed a similar seasonal behaviour for the first tropopause variables than other tropical stations in the Pacific Ocean and India. An interesting feature was the fact the first tropopause altitude at Camagüey was higher in winter (lower pressure) and lower in summer (higher pressure) than the reported altitudes (and pressures) from the other tropical stations. Several causes were considered as possible responsible of those results. Among them were that the time periods of the other tropical stations correspond to earlier years than at the WMO station 78 355. Also the different radiosounding instrumentation, the particular physical-geographical conditions of the Caribbean and potential global climate changes were considered as possible causes of that feature.
3 Comparisons: IGRA vs. CMC data 3.1 Available data at IGRA dataset When reviewing the IGRA dataset for the station 78 355, the first thing we noticed was the complete lack of data for 1981, while a total of 248 soundings were conducted at 1200Z at that site along this year. A total of 886 soundings at 1200Z from 1982 to 1988 are reported in IGRA, representing almost the 60% of the total soundings conducted at the 78 355 station between 1981 and 1988. This is a particular example of incompleteness of IGRA. It was caused mainly by to the lack of transmission and probably difficulties with the encodingdecoding of soundings. The disagreement can also be higher for reported tropopause values, because no all the tropopause values passed the quality control conducted for the generation of the IGRA dataset during this period (I. Durre, personal communication, 2006) .
The lack of data in the IGRA dataset for the WMO station 78 355 for the year 1981 is the particular case of missing data caused by missing blocks of data while the lack of soundings between 1982 and 1988 represents the particular case of missing data due to random sampling. Both cases of missing data are considered the two which most affects the homogeneity of radiosonde datasets (Kidson and Trenberth, 1988) . Using the current available information from IGRA for the 78 355 station at 1200Z between 1982 and 1988 we derived the mean values of height and temperature as well as its σ . In order to compare, we selected the same mandatory levels that were used in the former study by Antuña et al. (1991) 1 . Also the statistics for pressure and temperature at the multiple tropopause levels reported in the current IGRA 78 355 dataset were calculated. Soundings conducted at 1200Z were used for such purpose, in the same way that it was done in the previous referred study (Antuña et al., 1992 2 ).
Moreover, T-Students tests were used to estimate the statistical significance of the difference of the means from both datasets (results from the original handwritten dataset as the population and the actual ones contained in IGRA as the sample). Table 1 shows the height and temperature means and standard deviations for the selected mandatory levels together with the number of cases at each level. The available altitude and temperature data in the current IGRA dataset ranges between 40% at lower levels and 20% at the higher ones in comparison with the total of soundings conducted at the station 78 355 between 1981 and 1988.
Mean sounding
A comparison of the altitude mean and σ between the IGRA dataset (sample) and the original handwritten dataset (population) show light differences. We find a similar feature for the temperature. The vertical profiles of the differences of the mean values of temperature and mean temperature gradient between the population and the sample are shown in Fig. 1a the differences of the mean temperature show values of 0.4 K at 1000 hPa, decreasing to the middle troposphere. Between 700 and 100 hPa the differences are 0.1 K, with no differences in the layer from 250 to 100 hPa, around the tropopause. Then the mean temperature differences increase above the tropopause reaching its larger values on the top of the profiles. Such relative higher differences values on top of the sounding are associated with the 80% of the missing data in that layers in comparison with the 60% in the lower ones. In general the magnitudes of the differences are below or equal to 0.6 K, with the mean temperatures showing higher values in the population than in the sample. That is a notable result considering the amount of missing data. Figure 1b shows the differences of the mean temperature gradient between the population and the sample. In general the absolute value of the differences is lower than 0.1 K/km, except at 100 hPa, where it reaches almost 0.2 K/km. Highest relative values of the temperature gradient differences are located on top of the sounding as in the case of temperature differences. The reason is the same, the increase of missing data from bottom to top. Both negative and positive differences are present. In the case of the altitudes, the differences between the population and the sample are below 20 m, with both positive and negative relative values.
The test of the statistical significance of the differences between the means showed no significant differences at all the levels, both for temperature and altitude. The significance of the test ranged between 99.51 and 99.66% for altitude and between 99.50 and 99.57% for temperature.
The fact that there are no statistical differences between the means of both datasets, although there are between 60 and 80% of missing data at different mandatory levels in the sample is relevant. The explanation is likely related to the normal distribution of the variables together with the fact that the main cause of the missing values (transmission difficulties) has a random origin.
The former results are an indication that although the high amount of missing data in the IGRA dataset for the WMO station 78 355, the existing dataset is statistically representative of the complete dataset. It is also an indicative of the high quality of the IGRA dataset for this particular station.
Tropopause means features
The 48.6% of the soundings reported tropopauses in the population and only 35.4% in the sample. In the same way, for the population 28.6% and 3.2% reported double and triple tropopauses, while 17.1% and 2.5% reported double and triple tropopauses in the sample.
Although there is a noticeable difference in the percent of multiple tropopause reports, the comparison among the mean values of pressure and temperature for the population and the sample is encouraging. Table 2 contains the statistics for the pressure and temperature of the multiple tropopauses derived both from the population and the sample. The mean temperature values for the first, second and third tropopauses in the sample are inside the interval defined by the mean temperature value plus minus the standard deviation of the population. Something similar happens with the pressure, except for the third tropopause. But at least the mean pressure value for the third tropopause in the IGRA dataset is inside the interval defined by the mean pressure value plus minus two standard deviation of the population. In that particular case the very few cases of third tropopauses in the IGRA dataset may introduce certain bias in the mean pressure value.
Despite the IGRA dataset contains only 60% of the soundings conducted at the station 78 355 for the period 1981 to 1988, there are generally no significant differences between the mean values for the pressure and temperature of the multiple tropopauses derived from the population and the sample.
Conclusions
We have evaluated the effects of missing sounding reports on the temperature and pressure at mandatory and multiple tropopause levels using a real inhomogeneous dataset, instead of a simulated one. The results of this study demonstrated that, for this station although we are in presence of the two worse cases of missing sounding reports, they do not produce statistical significant changes neither in the mean values for temperature and altitude at mandatory levels nor in the pressure and temperature mean values at the multiple tropopause levels. In the present case study the only noticeable effects of the missing soundings are the slight decrease Ann. Geophys., 24, [2445] [2446] [2447] [2448] [2449] 2006 www.ann-geophys.net/24/2445/2006/ of the mean temperatures in the incomplete dataset and the decrease in the percent of tropopause reports. The results of this study provide an indication of the statistically representatively and high quality of the data currently stored in the IGRA dataset.
